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Abstract 
The reliability and the bond strength of wire bonding electronic packages  are appraised using wire bond shear test.  
In this study, a three-dimensional non linear finite element model was designed to simulate the stress response of 
the bonded wire during wire bond shear test on a flat surface bond pad. Comparisons between three types of wire 
material:gold (Au), aluminium (Al) and copper (Cu) were done to scrutinize the effects of wire material on the
stress response of bonded wire during wire bond shear test. The simulation results showed that copper wire bond
induces higher stress compared to aluminium and gold wire bond during wire bond shear test. 
© 2013 Published by Elsevier Ltd. Selection and peer-review under responsibility of Universiti Malaysia 
Kelantan, Malaysia 
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1. Introduction 
Wire bonding is one of the prominent interconnection  mechanism used  in the electronic 
packaging industry were almost 95% devices are bonded by wire (Spaan et al., 2010). These wire acts as 
a pathway which transfers power and signals between the active electronic circuit and the lead frame. The 
wire material utilized in wirebonding process are gold (Au), aluminium (Al) and copper (Cu). Simulations 
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are used as guidance to understand and characterize the wire bonding process due to its multifarious  
process.  This  has  been  demonstrated  by  various  researches.  Saiki,  Marumo,Nishitake, Uemura and 
Yotsumoto (2006) used finite element method to analyze the deformation gold(Au) wire bonding.  
Ding, Kim and Tong (2006) simulated the elasto-pastic deformation in ultrasonic wire bonding using 
finite element method. The denouements of bonding factors on the contact pressure along the wire and 
bond pad interface were focused. The transient mechanical reactions of the Cu/low-K structure 
throughout  the  collision  stage  of  the  wirebonding  process  were  investigated  Yeh  and  Lai  (2005). 
Currently,  tests  to  optimize  bonding  parameters  due  to  the  advancing  circuit  design  are  confided 
profoundly by the electronic packaging industry.  
The tests done includes wire bond pull test and wire bond shear test. Pull test reliability of gold 
wires bonded on the Cu/low-K wafer were done numerically by Chang-Lin, Yi-Shao, & Chin-Li, 
(2006). On the other hand, simulations on shear test have been reported  in  ball  grid  array  (BGA)  
packages  (Alam,  Lu,  Bailey,  Wu,  &  Chan,2007).Nevertheless simulation on wire bond shear test 
is still sacred. Thus, this initiated this study.   In this paper, the simulation of wire bond shear test on 
a flat bond pad surface is presented.  
The objective of this simulation analysis is to evaluate the stress response of the wire ball bond during 
wirebond shear test. A three- dimensional non linear finite element model was established to simulate the 
wire bond shear tests. Comparisons between three types of wire material Gold(Au), Aluminum(Al) and 
Copper(Cu) were done to evaluate the effects of material on the stress response. 
2. Methodology 
The simulation process was done with the following assumption. 
1) The temperature  around  the wire  ball  bond  model  is consistent  during  the course  of  
simulation. 
2)  The wire ball bond exhibits a elastic plastic material property during the ball shear process. The 
shear ram is assumed to be a rigid material The inertia force fromthe shear ram transferred to the 
ball bond is not considered in this study.  
3) The intermetallic diffusion effect between the ball bond and bond pad metallization will not be 
considered  since  it  is  temperature  and  material  dependent  which  is  inconsistent  for  all  
bonds. 
4) The friction on contact between shear tool and ball bond due to heat and temperature induction is 
not considered assuming that both materials have a smooth surface. 
5)  The shear ram is moving with a constant velocity throughout of the simulation. 
In this present study, The 3D non linear finite element model as shown in Figure 1 was developed to 
simulate the wire bond shear test. The simulation was performed using the ANSYS version 11.0. With 
compliancy with the JEDEC standard(JESD22-B116A, 2009), this simulation was conducted using a wire 
diameter of 0.8 mil.The wire diameter, ball height and ball diameter of the ball bond wire bonding are 
330   Zaliman Sauli et al. /  Procedia - Social and Behavioral Sciences  129 ( 2014 )  328 – 333 
20μm (0.8 mils), 22μm and 70μm respectively. The bond pad, attached at the bottom of the ball bondhas 
a thickness of 1μm and the square length of 80μm. The initial surface contact between the ball bond and 
bond pad were defined with an opening of 68μm in diameter. Figure 1 exhibits the wire bond test model 
used for the simulation. The height of the shear ram is fixed 2.5μm above the bond pad. 
 
Fig. 1: Wirebond shear test model with flat bond pad surface 
 
The ball bond, the bond pad and the shear ram were modelled using 10 node quadratic 
tetrahedral structural  solid element (SOLID 187). The shear ram was considered as a rigid body.  
The contact behavior between the shear ram and the ball bond was modelled using 3D 8 node 
surface to surface contact element (CONTA174) and 3D target segment element(TARGE170). The 3D 
model was meshed with 397123 number of elements. Large deformation options were enabled for the  
3D non linear finite element simulation. 
 
Displacement loading was applied to the model to replicate the wire bond shear test process. Standard 
room conditions were used for the wire bond shear test simulation. The material used for the ball bond 
is Gold(Au), Aluminum(Al) and Copper(Cu). The material used for the bond pad is Aluminum(Al) 
and the material used for the shear ram is Steel. The material properties are listed in Table 1.  
 
Table 1. Material Properties 
 
  
Material 
 
Density, ρ 
(g/cm3) 
 
Young's modulus, E 
(Pa) 
 
Poisson ratio, v 
Gold 19.3 78 × 109 0.44 
Copper 8.92 130 × 109 0.34 
Aluminum 2.7 70 × 109 0.35 
Steel 7.75 207 x 109 0.30 
 
3.  Results and Discussions 
In this present study, the wire bond shear test was simulated with the shear ram height of 2.5μm and 
the shear ram was displaced across the bonded region of the ball bond and the bond pad with a 
331 Zaliman Sauli et al. /  Procedia - Social and Behavioral Sciences  129 ( 2014 )  328 – 333 
constant velocity. The interpretations of the results are based on Von Mises stress response graph.The 
stress response graph for gold, aluminum and copper wire bond are illustarted in Fig.2, Fig.3 and Fig.4 
respectively. From the graph, it is clear that during the early stages of shear ram displacement over 
the bonded region of the ball bond, an increasing trend of Von  Mises stress is observed for all 3 
wire materials. 
 
 
Fig. 2: Stress response graph for gold wire bond. 
 
 
 
Fig. 3: Stress response graph for aluminum wire bond. 
 
 
Fig. 4: Stress response graph for copper wire bond 
 
However, after the displacement distance of 35μm of the shear ram ,the von mises stress curve 
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showed a decreasing trend. This shows the wire is being sheared off the bonded bond pad. The maximum 
von mises stress was obtained at the displacement distance of 35μm for all 3 types of wire materials. 
Among the 3 wire materials, copper wire recorded the highest von mises stress response of  287.95 MPa 
and gold wire bond exhibited the least von mises stress response of 251.56 MPa.  
 
The aluminum wire bond showed  von mises stress response of 264.75MPa.The stress level of the 
copper wire bond is much higher than the other two wire materialsdue to the copper wire being 
stiffer  and harder material(Hsu,Chang, Yeh, & Lai, 2011).  The  comparison  results  showed  that  the  
copper  wire  bond  induces  much  higher  stress compared to aluminum wire bond and gold wire bond 
during wire bond shear test simulation. 
6.  Conclusion 
In this study, simulation of the wirebond shear test on flat bond pad surface was carried out. The 
effects of wire materials on the stress response during wire bond shear test were investigated. The work 
authenticated in the paper is part of authors simulation results. Summary of the simulation is as follows: 
1) The stress response of the wire ball bond during wirebond shear test was simulated for three types of 
wire material: gold, aluminum and copper.  2)From the assessment, it is observed that the copper wire 
bond induces much higher stress compared to aluminum wire bond and gold wire bond during wire bond 
shear test simulation. 3)The von mises stress response for all wire materials was obtained in the following 
ascending order, gold aluminum,copper.  4) All of the maximum von  mises stress were recorded at 35μm 
of bonded area of the ball bonds. 
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